Abstract: In dogs, ultrasonography is performed to locate the ureteral orifices in the urinary bladder, but reference values for their normal location using this technique are missing. In this study, the ureterovesical-vesicourethral and inter-ureterovesical distances were determined in 20 freshly euthanized medium size dogs by detecting artificially produced ureteral jets in color-flow Doppler ultrasonography at two different bladder volumes, and comparing them to manual measurements in the dissected bladder. All distances determined by ultrasonography were in agreement with values found by dissection (P > 0.100). With increasing bladder volume only the left ureterovesical-vesicourethral distance changed (P = 0.041). The right ureteral opening was more cranial than the left in 16 dogs. The inter-ureterovesical distances differed by gender (P = 0.016), but spay/neuter status had no influence (P > 0.847). In conclusion, ultrasonography is a reliable modality for screening ureteral orifices in medium size dogs and agrees with anatomical findings. 
Introduction

42
Ectopic ureters (EU) are rare congenital malformations characterized by one or both ureteral 43 orifices opening in a location other than the trigone of the urinary bladder (Owen, 1973a) . The 44 ureter normally passes through the layers of the dorsal bladder wall, and after a short intra-45 mucosal course, it opens into the bladder with a slit-shaped orifice, the Ostium ureteris. The two 46 ureteral openings together with the internal urethral orifice form the Trigonum vesicae (Nickel et 47 al., 2004) . EU in dogs has previously been described as intravesicular or extravesicular, which 48 3 refer to ureteral orifices within the urinary bladder elsewhere than the trigone or outside the 49 bladder in the caudal urogenital tract, respectively (North et al., 2010) . In clinical cases of canine 50 EU, ureteral orifices were most commonly found in the urethra or in the bladder neck (Canizzo et instead of opening into the lumen after a short submucosal course, they tunnel further caudally 57 within the bladder wall and terminate with an orifice in the bladder neck or in the urethra.
58
Extramural EUs completely by-pass the bladder and convey urine directly to more caudal parts of 59 the urogenital tract.
61
In dogs, single system ectopic ureters are predominant (Holt and Moore, 1995) , while ureteral 62 duplication with ectopia, which is the most common form in humans (Berroca et al., 2002) and in 63 those cases commonly associated with a duplex kidney, is extremely rare in the dog (Newman 64 and Landon, 2014). A prevalence of 0.016% has been reported for canine ureteral ectopia ( In the past, ureteral ectopia was regarded as a condition predominantly affecting bitches (Hayes, 76 1984; Holt and Moore, 1995) . Since then, EU is also increasingly described in males in the 77 veterinary literature (Lamb and Gregory, 1998; Reichler et al., 2012 (Owen, 1973b) . During RU, concentrated contrast medium is instilled directly into the 92 caudal urethra and bladder, but retrograde filling of the ureters is unlikely unless they are 93 abnormally dilated. Consequently, this modality catches only a fraction (47%) of affected ureters 94 (Samii et al., 2004) . In both methods, diagnostic specificity is restricted due to insufficient 
97
Ultrasonography is a non-invasive and commonly used method to assess the anatomical integrity 
Urethral catheterization
144
The cadaver was placed in dorsal recumbency and a Foley catheter (8 Fr -12 Fr depending on 145 gender and anatomy) was introduced into the urethra ensuring easy input of water to the bladder 146 and avoiding loss through the urethra (Fig. 1) . After the bladder was emptied of all remaining 147 urine, the tip of the catheter including the balloon was positioned in the cranial urethra to avoid 148 interference with ultrasonography, and water was instilled into the balloon to prevent orifices to the vesicourethral junction were measured in the longitudinal plane (Fig. 4A) .
169
For the inter-ureterovesical distances, both ureteral orifices were clearly visualized in the 170 transverse plane, and separate images of each orifice in the exact same position of the probe were 171 created (Fig. 4B) . The two images were compared and the distance between the left and right 172 ureterovesical junction was measured on the screen. After capturing at least three measurements 173 of each distance, the bladder was filled with an additional 5mL/kg BW tap water, adding up to a 174 total of 10mL/kg. This bladder condition was defined as full bladder. Ultrasonography 175 measurements were repeated as described above. Golden and Labrador Retrievers (n=4 and n=3, respectively).
208
Six of the eleven females were spayed, and four of the nine males were neutered. Spay/neuter 209 status was similar within gender (P = 0.653). Age and BW did not differ by gender (P = 0.732 210 and P = 0.398, respectively) or by spay/neuter status (P = 0.455 and P = 0.646, respectively). 
222
The left ureterovesical-vesicourethral distance differed between the measurements (P = 0.041; ultrasonography in the moderately filled and full bladder (P = 0.368 and P = 0.100, respectively),
226
but it was shorter (P = 0.013) in the moderately filled bladder (median 2.89 cm, 95% CI 2.57 to 227 3.19 cm) than in the fully distended one (median 3.09 cm, 95% CI 2.69 to 3.47 cm).
228
The inter-ureterovesical distances ranged from 0.27 to 3.4 cm (median 1.74 cm, 95% CI 1.54 to 229 1.92 cm) and did not differ between measurements (P = 0.307) .
231
Comparison of the right and left ureterovesical-vesicourethral distances
232
The location of the two ureteral orifices in the bladder was not at the same level in any of the The distances from the right and from the left ureteral orifices to the vesicourethral junction were 245 similar between males and females (P = 0.736 and P = 0.454, respectively). In contrast, the inter- 
249
Spay/neuter status and body weight had no effect on any of the measurements (P ≥ 0.847 and P ≥ 250 0.272, respectively). We found a wide range of ureterovesical-vesicourethral and inter-ureterovesical distances within 277 the same weight category of dogs, which may be considered normal, as only animals without 278 urinary tract diseases were included. Part of this variation may be due to the difficulty in defining 279 the beginning of the urethra. In our study, we used the attachment of the prostate to the urethra in 280 males, and the first point from where the walls of the urethra ran parallel in females as reference 281 points to increase the reliability of the measurements. However, it is still a subjective assessment, 
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